In this work, a series of N-substituted isatin derivatives was synthesized by different reactions. The synthesized isatin derivatives were characterized by NMR, MS and elemental analysis. Then the anti-tumor activities of these compounds were evaluated through the cytotoxicity against A549 and P388 cell line test. The results show that several compounds show much higher anti-tumor activity than that of isatin, and there is an even-odd effect in the structure activity relationship.
INTRODUCTION
Anti-tumor/cancer has been a hot topic in medical chemistry for a longtime, and there are many compounds that have been developed as candidate molecules for antitumor/cancer drug. Isatin, indole-2,3-dione, is an endogenous indole present in mammalian tissues and fluids [1, 2] , and it has been reported to possess various bioactivities [3] [4] [5] . Due to its structure, there are several reactive sites on it, so various kinds of natural product like compounds can be synthesized from isatin [6] [7] [8] , and many isatin derivatives have been reported displaying high anit-tumor activity in recent years [7] [8] [9] [10] . Kailin Han [11] synthesized di-and trisubstituted isatin derivatives, studied their anticancer activity against K562, HepG2 and HT-29 cell lines by MTT assay in vitro, and found two highly active molecules with the IC50 of 3 nM and 6 nM against human leukemia K562 cells. Although there are many isatin derivatives that have been synthesized and screened for the anti tumor activity, more compounds and more anti tumor models should be explored to find new candidate drugs. We have reported the synthesis and the bioactivity of several kinds of isatin derivatives [12] [13] [14] , to explore the bioactivity of the derivatives, a series of N-substituted isatin derivatives was synthesized by different reactions, and the anti-tumor activity of A549 and P388 cell lines was investigated.
EXPERIMENTAL
All starting materials and solvents (A.R. grade) were commercially available and used without further *Address correspondence to this author at the College of Chemistry and Chemical Engineering, Xi'an Shiyou University, Xi'an, Shaanxi, 701165, P.R. China; Tel/Fax: 86-29-88382693, 85-871-5219684; Email: gangchen@xsyu.edu.cn # These authors contributed equally purification. NMR spectra were recorded using a Bruker Drx-400 spectrometer operating at 400 MHz for 1 H. Mass spectra were recorded on a Micromass Platform spectrometer using a direct-inlet system operating in the electron impact (EI) mode at 75 eV. Elemental analyses were obtained using a Carlo Erba 1106 elemental analyzer.
General Synthesis of N-alkyl Substituted Isatin Derivatives
For compounds 2 to 12, they were synthesized according to the reference of [14] , and the synthesis route was shown in Scheme (1).
Synthesis of Simple N-hydroxymethyl Isatin
The N-hydroxymethyl isatin was synthesized as shown in Scheme (2). 1 mmol isatin was dissolved in 20ml methanol in a flask. Then 1.2 mmol formaldehyde was added dropwise. The mixture was stirred under refluxing until the disappearance of isatin, as evidenced by thin-layer chromatography. The solvent was removed in vacuo and the residue was separated by column chromatography (silica gel, petroleum ether/ethyl acetate = 4: 1), giving N-hydroxymethyl isatin (compound 13).
General Synthesis of N-acyl Substituted Isatin Derivatives [14]
For compounds 14 and 15, they were synthesized according to the reference of [14] , and the synthesis route was shown in Scheme (3).
Biological Activity Screening
The synthesized compounds were screened for their biological activities on cytotoxicity against A549 and P388 cell 7-;/15 $58.00+.00 ©2015 Bentham Science Publishers line at various concentrations by the reported methods [12] [13] [14] .
RESULTS AND DISCUSSION

Chemistry
The structure, yield, 1 H-NMR, MS and elemental analyses of the synthesized simple isatin derivatives compounds in this work were summarized in Table 1 . From the results, it was found that most reactions provide the yields as high as more than 80%, except the preparation of N-acyl substituted isatin derivatives due to their high activity to transfer to other compounds during the reaction and the separation. As shown in this table, all the synthesized compounds were fully characterized by 1 H-NMR, MS and elemental analysis, and all the data are consistent with the target structures.
Biological Activity
In this paper, the anti-tumor activity of these compounds against A549 and P388 cell lines was screened, and the results are summarized in Table 2 . From the results, it is found that almost all compounds could inhibit both cancer cells more effectively than that of isatin at the concentration of 100 µM, except ISD-12 and ISD-14 for P338 cells, Six compounds (ISD4, ISD-6, ISD-7, ISD-8, ISD-10 and ISD-11) show relatively high inhibition against P388 at the concentration of 10 µM, but no effective activity against A459. For the inhibition of P388, the inhibitions of these compounds are more effective than that of istain except ISD-12, ISD-14 and ISD-15. Concerning the structures of the three compounds, ISD-14 and ISD-15 are N-acyl substituted isatin derivatives, and the acyl groups are the only electro withdrawing groups, so it can be deduced that the lack of electronic weakens the interaction of the substrate and cells. ISD-8, ISD-10, ISD-11 and ISD-13 display inhibitions as high as more than 80%. Concerning the structures, the four compounds possess active N-substitutes, so the high active groups will help the compounds to interact with the cell. The inhibitions of these compounds are very similar against A459 cell line.
Besides, for compounds ISD-2 to ISD-7, the alkyl substituted groups contains 1 to 6 carbon atoms, so there may be some regularity in the relationship of structure and activity. It seems that there is no obvious relationship between the carbon number and the activity form the first view. But by a further structure activity relationship analysis, it was found that there is an effect of odd-even chain length of alkylsubstituted isatins on both inhibition against P388 cell line and A459 cell line. The results are summarized in Fig. (1) and Fig. (2) . From the figures, it can be found that the odd and even series compounds display similar tendency. From 1-6, odd length compounds are higher active than that of the even length compounds nearby, which may be useful for the further structure activity relationship study [15] .
CONCLUSION
In conclusion, the N-substituted isatin derivatives were synthesized with high yields. Then the anti-tumor activities of these compounds against A549 and P388 cell line tests show that several compounds show much higher anti-tumor activity than that of isatin at the concentration of 100 µM, and even with the concentration of 10 µM six compounds show effective inhibition against P388. Besides, there is an even-odd effect of the alkyl-substituted isatins on the inhibition efficiency. Carbon number of ISD-2 to ISD-7
Inhibition % Odd Even Fig. (1) . The even-odd effect of the alkyl-substituted isatins on inhibition against P388 cell line. Fig. (2) . The even-odd effect of the alkyl-substituted isatins on inhibition against A459 cell line.
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